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T h i s  i s  one o f  t h e  f i r s t  r e p o r t s  t o  be p u b l i s h e d  i n  t h e  new " B i o l o g i c a l  
Repor t "  s e r i e s .  T h i s  t e c h n i c a l  r e p o r t  s e r i e s ,  pub1 i shed by t h e  Research 
and Development b ranch  o f  t h e  U.S. F i s h  and W i l d l i f e  S e r v i c e ,  r e p l a c e s  
t h e  "FWS/OBS1I s e r i e s  p u b l i s h e d  f rom 1976 t o  September 1984. The B i o l o g -  
i c a l  Repor t  s e r i e s  i s  des igned  f o r  t h e  r a p i d  p u b l i c a t i o n  o f  r e p o r t s  w i t h  
an a p p l i c a t i o n  o r i e n t a t i o n ,  and i t  c o n t i n u e s  t h e  focus  o f  t h e  FWS/OBS 
s e r i e s  on r e s o u r c e  management i ssues and f i s h  and w i  I d 1  i f e  needs. 
MODEL EVALUATION FORM 
H a b i t a t  models a r e  des igned  f o r  a  w ide  v a r i e t y  o f  p l a n n i n g  a p p l i c a -  
t i o n s  where h a b i t a t  i n f o r m a t i o n  i s  an i m p o r t a n t  c o n s i d e r a t i o n  i n  t h e  
d e c i s i o n  p rocess .  However, i t  i s  i m p o s s i b l e  t o  d e v e l o p  a  model t h a t  
p e r f o r m s  e q u a l l y  w e l l  i n  a l l  s i t u a t i o n s .  A s s i s t a n c e  f r o m  u s e r s  and 
r e s e a r c h e r s  i s  an i m p o r t a n t  p a r t  o f  t h e  model improvement p rocess .  Each 
model i s  p u b l i s h e d  i n d i v i d u a l l y  t o  f a c i l i t a t e  u p d a t i n g  and r e p r i n t i n g  as 
new i n f o r m a t i o n  becomes a v a i l a b l e .  User  feedback  on model per fo rmance 
w i  11 a s s i s t  i n  i m p r o v i n g  h a b i t a t  model s  f o r  f u t u r e  a p p l  i c a t i o n s .  P lease 
comp le te  t h i s  f o r m  f o l l o w i n g  a p p l i c a t i o n  o r  r e v i e w  o f  t h e  model .  Fee l  
f r e e  t o  i n c l u d e  a d d i t i o n a l  i n f o r m a t i o n  t h a t  may be o f  use t o  e i t h e r  a  
model d e v e l o p e r  o r  model u s e r .  We a l s o  wou ld  a p p r e c i a t e  i n f o r m a t i o n  on 
model t e s t i n g ,  m o d i f i c a t i o n ,  and a p p l i c a t i o n ,  as w e l l  as c o p i e s  o f  m o d i f i e d  
models o r  t e s t  r e s u l t s .  P lease  r e t u r n  t h i s  f o r m  t o :  
H a b i t a t  E v a l u a t i o n  Procedures  Group 
U.S. F i s h  and W i l d l i f e  S e r v i c e  
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PREFACE 
T h i s  document i s  p a r t  o f  t h e  H a b i t a t  S u i t a b i l i t y  I ndex  (HSI)  Model S e r i e s  
[ B i o l o g i c a l  Repo r t  82(10) ]  w h i c h  p r o v i d e s  h a b i t a t  i n f o r m a t i o n  u s e f u l  f o r  i m p a c t  
assessment and h a b i t a t  management. Seve ra l  t y p e s  o f  h a b i t a t  i n f o r m a t i o n  a r e  
p r o v i d e d .  The H a b i t a t  Use I n f o r m a t i o n  S e c t i o n  i s  l a r g e l y  c o n s t r a i n e d  t o  t h o s e  
d a t a  t h a t  can be used t o  d e r i v e  q u a n t i t a t i v e  r e l a t i o n s h i p s  between key e n v i r o n -  
men ta l  v a r i a b l e s  and h a b i t a t  s u i t a b i  1  i t y .  T h i s  i n f o r m a t i o n  p r o v i d e s  t h e  
f o u n d a t i o n  f o r  t h e  HSI model and may be u s e f u l  i n  t h e  development  o f  o t h e r  
model s  more a p p r o p r i a t e  t o  s p e c i f i c  assessment o r  e v a l u a t i o n  needs. 
The HSI Model S e c t i o n  documents t h e  h a b i t a t  model and i n c l u d e s  i n f o r m a t i o n  
p e r t i n e n t  t o  i t s  a p p l i c a t i o n .  The model s y n t h e s i z e s  t h e  h a b i t a t  use i n f o r m a -  
t i o n  i n t o  a  f ramework a p p r o p r i a t e  f o r  f i e l d  a p p l i c a t i o n  and i s  s c a l e d  t o  
p roduce an i n d e x  v a l u e  between 0 . 0  ( u n s u i t a b l e  h a b i t a t )  and 1 . 0  (opt imum 
h a b i t a t ) .  The HSI Model S e c t i o n  i n c l u d e s  i n f o r m a t i o n  abou t  t h e  geog raph i c  
range  and seasonal  a p p l i c a t i o n  o f  t h e  model ,  i t s  c u r r e n t  v e r i f i c a t i o n  s t a t u s ,  
and a  l i s t  o f  t h e  model v a r i a b l e s  w i t h  recommended measurement t e c h n i q u e s  f o r  
each v a r i a b l e .  
The model i s  a  f o r m a l i z e d  s y n t h e s i s  o f  b i o l o g i c a l  and h a b i t a t  i n f o r m a t i o n  
p u b l i s h e d  i n  t h e  s c i e n t i f i c  l i t e r a t u r e  and may i n c l u d e  u n p u b l i s h e d  i n f o r m a t i o n  
r e f l e c t i n g  t h e  o p i n i o n s  o f  i d e n t i f i e d  e x p e r t s .  H a b i t a t  i n f o r m a t i o n  abou t  
w i l d l i f e  spec ies  f r e q u e n t l y  i s  r e p r e s e n t e d  b y  s c a t t e r e d  d a t a  s e t s  c o l l e c t e d  
d u r i n g  d i f f e r e n t  seasons and y e a r s  and f r o m  d i f f e r e n t  s i t e s  t h r o u g h o u t  t h e  
range  o f  a  spec ies .  The model p r e s e n t s  t h i s  b r o a d  d a t a  base i n  a  f o r m a l ,  
l o g i c a l ,  and s i m p l i f i e d  manner. The assumpt ions  necessary  f o r  o r g a n i z i n g  and 
s y n t h e s i z i n g  t h e  s p e c i e s - h a b i t a t  i n f o r m a t i o n  i n t o  t h e  model a r e  d i scussed .  
The model s h o u l d  be rega rded  as a  h y p o t h e s i s  o f  s p e c i e s - h a b i t a t  r e l a t i o n s h i p s  
and n o t  as  a  s ta temen t  o f  p roven  cause and e f f e c t  r e l a t i o n s h i p s .  The model 
may have m e r i t  i n  p l a n n i n g  w i l d l i f e  h a b i t a t  r e s e a r c h  s t u d i e s  a b o u t  a  spec ies ,  
as w e l l  as  i n  p r o v i d i n g  an e s t i m a t e  o f  t h e  r e l a t i v e  s u i t a b i l i t y  o f  h a b i t a t  f o r  
t h a t  s p e c i e s .  User feedback  c o n c e r n i n g  model improvements and o t h e r  sugges- 
t i o n s  t h a t  may i n c r e a s e  t h e  u t i l i t y  and e f f e c t i v e n e s s  o f  t h i s  h a b i t a t - b a s e d  
approach t o  f i s h  and w i l d l i f e  p l a n n i n g  a r e  encouraged.  P lease  send s u g g e s t i o n s  
t o  : 
H a b i t a t  Eva1 u a t i  on Procedures  Group 
Western Energy and Land Use Team 
U.S. F i s h  and W i l d l i f e  S e r v i c e  
2627 Redwing Road 
F t  . Co l  1  i ns,  CO 80526-2899 
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SNOWSHOE HARE (Lepus ameri canus) 
HABITAT USE INFORMATION 
General 
The snowshoe ha re  (Lepus americanus) i s  i nd igenous  t o  b o r e a l  f o r e s t s  
t h r o u g h o u t  N o r t h  America (Do1 beer  and C l a r k  1975). Snowshoe hares consume 
herbaceous v e g e t a t i o n  d u r i n g  t h e  growing season and change t o  a  woody d i e t  i n  
t h e  f a l l  and w i n t e r  (Baker e t  a1 . 1921; Dodds 1960). Young f o r e s t s  w i t h  
abundant u n d e r s t o r y  t h a t  p r o v i d e  food  and cover  a r e  p r e f e r r e d  h a b i t a t  (Grange 
1932). Snowshoe hares e x h i b i t  approx imate 10-year c y c l e s  o f  abundance and 
s c a r c i t y  th roughou t  much o f  t h e i r  range, wh ich have been a t t r i b u t e d  t o  
ha re - food  i n t e r a c t i  ons (Vow1 es 1972; B r y a n t  1981a) and hare- food-predator  
i n t e r a c t i o n s  ( K e i t h  1974; Wol f f  1980, 1981). 
Food 
D u r i n g  s p r i n g  and summer, snowshoe hares feed  on a  wide v a r i e t y  o f  herba- 
ceous v e g e t a t i o n ,  i n c l u d i n g  grasses (Gramineae), legumes (Leguminosae) (Brooks 
1955), sedges (Carex spp.), f e r n s  (Polypodiaceae) (Dodds 1960), and t h e  l e a v e s  
o f  dec iduous t r e e s  ( W o l f f  1978). F a l l  and w i n t e r  foods c o n s i s t  o f  dead grass,  
sma l l  t w i g s ,  buds, ba rk ,  c o n i f e r  needles,  l i c h e n s ,  and mosses (Lycopodiaceae) 
( S e v e r a i d  1942). 
I m p o r t a n t  f a c t o r s  d e t e r m i n i n g  d i e t  compos i t i on  i n c l u d e  t h e  d e n s i t y  and 
f requency o f  occur rence,  n u t r i t i v e  va lue ,  and p a l a t a b i l i t y  o f  p l a n t  spec ies  
( W o l f f  1978). Snowshoe ha res  can show a h i g h  degree o f  a d a p t a t i o n  t o  t h e  
browse a v a i l a b l e  and can feed  on a lmos t  a l l  spec ies  p r e s e n t  ( T e l f e r  1972). 
Fo rag ing  hares a l s o  can e x h i b i t  dec ided  p r e f e r e n c e s  ( C r i d d l e  1938) and t h e  
foods ea ten  i n  an area can be l a r g e l y  a  f u n c t i o n  o f  a v a i l a b i l i t y  (Pease e t  a l .  
1979). I n  Eas te rn  Canada, deVos (1964) observed t h a t  whenever c o n i f e r s  were 
a v a i l a b l e  i n  s m a l l e r  q u a n t i t i e s  t h a n  deciduous spec ies ,  t h e  former  were browsed 
more h e a v i l y ,  whereas T e l f e r  (1972) found t h a t  deciduous spec ies  were more 
h e a v i l y  browsed than  t h e  more abundant evergreen spec ies .  P r e f e r e n t i a l  f e e d i n g  
b y  snowshoe hares can change p l a n t  compos i t i on  and a f f e c t  t h e  f u t u r e  a v a i l -  
a b i l i t y  o f  p l a n t s  (Cook and Robeson 1945; deVos 1964). 
Snowshoe hares s e l e c t i v e l y  browse on c e r t a i n  p a r t s  o f  a  p l a n t .  Vowles 
(1972) no ted  t h a t  smal l  t w i g s  were t h e  p r e f e r r e d  f o o d  o f  hares i n  A l b e r t a  and 
r e f e r r e d  t o  rough b a r k  and stem wood as " s t a r v a t i o n  foods".  There i s  a  d i r e c t  
c o r r e l a t i o n  between woody stem d iamete r  and n u t r i t i o n a l  q u a l i t y  ( G r i g a l  and 
Moody 1980; W o l f f  1980). Pease e t  a l .  (1979) found t h a t  c a p t i v e  hares i n  
A l b e r t a  p r i m a r i l y  a t e  t e r m i n a l  t w i g s  t h a t  were up t o  3 t o  4 mm i n  d i a m e t e r  
when s u p p l i e d  w i t h  adequate q u a n t i t i e s  o f  browse.  K e i t h  (1974) b e l i e v e d  
browse r 3  mm was e s s e n t i a l  f o r  snowshoe h a r e  s u r v i v a l .  W o l f f  (1980) s t a t e d  
t h a t  snowshoe h a r e s  n o r m a l l y  consume browse 5 3 mm i n  d i a m e t e r  and t h a t  3 mm 
d i a m e t e r  t w i g s  c o n t a i n e d  more n u t r i e n t s  t h a n  l a r g e r  d i a m e t e r  t w i g s .  The 
a u t h o r  suggested  t h a t  t h e  consumpt ion  o f  t w i g s  w i t h  d i a m e t e r s  > 3 mm was a  
s i g n  o f  ha res  exceed ing  t h e  h a b i t a t  c a r r y i n g  c a p a c i t y  , r e s u l t i n g  i n  t h e i r  
f e e d i n g  on l o w  q u a l i t y  f o r a g e .  G r i g a l  and Moody (1980) f o u n d  t h e  maximum stem 
d i a m e t e r  a t  p o i n t  o f  b r o w s i n g  (dpb)  t o  be 1 cm i n  M inneso ta .  W o l f f  (1980) 
f o u n d  t h a t  h a r e s  a t  h i g h  d e n s i t y  i n  A l a s k a  a t e  browse t h a t  exceeded 1 cm dpb. 
A  dpb o f  1 . 5  cm was t h e  maximum c o n s i d e r e d  t o  be c l i p p e d  b y  ha res  i n  A l b e r t a  
(Vowles 1972; Pease e t  a l .  1979).  
The s u p p l y  o f  h i g h  q u a l i t y  w i n t e r  browse i s  one o f  t h e  most  c r u c i a l  
f a c t o r s  a f f e c t i n g  snowshoe h a r e  s u r v i v a l  i n  n o r t h e r n  a reas  (Wa lsk i  and Mautz 
1977).  Vowles (1972) and Pease e t  a l .  (1979) d e t e r m i n e d  t h a t  o n l y  p a r t  o f  t h e  
t o t a l  s t a n d i n g  b iomass o f  woody browse i s  s u f f i c i e n t l y  d i g e s t i b l e  o r  n u t r i -  
t i o u s  t o  s u s t a i n  snowshoe h a r e s  i n  A l b e r t a .  They e s t i m a t e d  t h a t  3,000 g  (we t  
w e i g h t )  o f  browse 5 1.5 cm i n  d i a m e t e r  must  be a v a i l a b l e  t o  a  h a r e  each day .  
A  h a r e  t h e n  can s e l e c t  300 g  o f  e s s e n t i a l  f o o d  i n  t h e  f o r m  o f  c h o i c e  t e r m i n a l  
t w i g s ,  buds ,  and b a r k .  
The n u t r i t i v e  q u a l i t y  o f  browse has been shown t o  be d i r e c t l y  p r o p o r t i o n a l  
t o  i t s  p a l a t a b i l i t y  ( B r y a n t  1981b).  B r y a n t  (1981a) suggested  t h a t  h i g h  popu la-  
t i o n s  o f  snowshoe h a r e s  t h a t  d e p l e t e  t h e  s u p p l y  o f  p r e f e r r e d  foods  a r e  f o r c e d  
t o  f e e d  on l o w  p re ' f e rence  browse s p e c i e s ,  w h i c h  i n i t i a t e s  a  c r a s h  i n  t h e  
p o p u l a t i o n  even though  t h e  t o t a l  s u p p l y  o f  sma l l  d i a m e t e r  t w i g s  has n o t  y e t  
been exhausted .  Snowshoe h a r e s  i n  A l a s k a  moved when t h e y  i n c r e a s e d  beyond t h e  
c a r r y i n g  c a p a c i t y  and t e m p o r a r i  l y  d e p l e t e d  t h e i r  f o o d  s u p p l y  (Wol f f  1980). 
Vowles (1972) n o t e d  an i n v e r s e  r e l a t i o n s h i p  between t h e  abundance o f  browse 
and snowshoe h a r e s  i n  A l b e r t a .  Browse abundance d e c l i n e d  a f t e r  s e v e r a l  y e a r s  
o f  b r o w s i n g  by  h i g h  p o p u l a t i o n s  o f  ha res .  When h a r e  p o p u l a t i o n s  d e c l i n e d ,  
browse abundance i n c r e a s e d  c o r r e s p o n d i n g l y .  
V a r i o u s  s p e c i e s  o f ,  and d i f f e r e n t  p a r t s  o f ,  p l a n t s  can p roduce  r e s i n s  
t h a t  a r e  u n p a l a t a b l e  t o  h a r e s  ( B r y a n t  1981a). Some p l a n t  s p e c i e s  f o u n d  t o  be 
u n p a l a t a b l e  t o  snowshoe h a r e s  a r e  l i s t e d  i n  T a b l e  1. Stephenson (1985) f ound  
t h a t  b l a c k  sp ruce  ( P i c e a  mar iana )  became more p a l a t a b l e  t o  snowshoe ha res  i n  
t h e  N o r t h w e s t  T e r r i t o r i e s  a f t e r  t h e  amount o f  u n p a l a t a b l e  compounds i n  t h i s  
s p e c i e s  was dec reased  b y  f i r e .  
Water  
Snowshoe h a r e s  a r e  b e l i e v e d  t o  s a t i s f y  t h e i r  w a t e r  needs f r o m  dew and 
s u c c u l e n t  p l a n t s  i n  t h e  summer and b y  e a t i n g  snow i n  t h e  w i n t e r  (Hansen and 
F l  i nders  1969).  
Table  1. P l a n t  spec ies  found t o  be u n p a l a t a b l e  t o  snowshoe hares.  
-- 
Species Loca t ion  Source 
Bal  sam f i r (Abi  es b a l  samea) Mich igan Bookhout (1965a) 
American 1  i nden ( T i  1  i a ameri cana) 
B l a c k  c h e r r y  (Prunus s e r o t i n a )  
Red-osier  dogwood (Cornus s t01 o n i  f e r a )  
Viburnum (Viburnum c a s s i  no ides)  
W i n t e r b e r r y  h o l l y  (m v e r t i c i  1  l a t a )  
B l a c k  ash (F rax inus  n i g r a )  
European r e d  e l d e r  (Sambucus pubens) 
B l a c k  spruce (P icea mariana) A1 b e r t a  K e i t h  e t  a1 . (1984) 
Labrador t e a  ( Ledum g r o e n l  and i  cum) 
Viburnum (y. edule)  
Honeysuckle (Lon ice ra  g l  aucescems, 
L. i nvo l  u c r a t a )  
- 
Snowberry (Symphoricarpos o c c i d e n t a l  i s) 
Green a l d e r  (A1 nus c r i  spa) A1 b e r t a  Cary (Department o f  
W i l d l i f e  Ecology, 
U n i v e r s i t y  o f  
Wisconsin, Madison; 
pers .  comm.) 
Cover 
The presence o f  adequate u n d e r s t o r y  cover  i s  t h e  p r i m a r y  de te rm inan t  o f  
snowshoe hare  h a b i t a t  qua1 i ty  (Buehler  and K e i t h  1982; Wolfe e t  a1 . 1982). 
Severa l  au thors  (Bookhout 1965a,b; Buehler  and K e i t h  1982) suggested t h a t  
cover  a v a i l a b i l i t y  i s  a  more s i g n i f i c a n t  h a b i t a t  f a c t o r  than food  a v a i l a b i l i t y .  
I n  a d d i t i o n  t o  supp ly ing  w i n t e r  browse, l ow brushy c o n i f e r o u s  and deciduous 
v e g e t a t i o n  serves as p r o t e c t i o n  f rom p r e d a t o r s  and as s h e l t e r  f rom inc lement  
weather (Buehl e r  and K e i t h  1982). 
Many a u t h o r s  suggest t h a t  h a b i t a t  dominated by  c o n i f e r o u s  v e g e t a t i o n  i s  
p r e f e r r e d .  I n  Nova S c o t i a ,  O r r  and Oodds (1982) found t h a t  snowshoe hare 
p e l l e t  d e n s i t i e s  i n  c o n i f e r o u s  h a b i t a t s  were t w i c e  as h i g h  as those recorded 
i n  deciduous dominated cover.  Con i fe rous  low land  f o r e s t s  and c o n i f e r  p l a n t a -  
t i o n s  were c l a s s i f i e d  as optimum h a b i t a t  i n  Wisconsin (Buehler  and K e i t h  
1982), swamp c o n i f e r  was t h e  most f a v o r a b l e  h a b i t a t  i n  n o r t h e r n  Mich igan 
(Bookhout 1965a,b), and young sof twood swamp and fir t h i c k e t s  were p r e f e r r e d  
i n  Maine (Severa id  1942). Snowshoe hares i n  southern O n t a r i o  were ma in ly  
found i n  p o o r l y  d r a i n e d  o r  swampy areas i n  which t h e r e  was heavy c o n i f e r o u s  
cover  (deVos 1962). 
Deciduous cover  a l s o  can be an i m p o r t a n t  component o f  snowshoe hare  
h a b i t a t .  A l though  hares a r e  m a i n l y  r e s t r i c t e d  t o  areas o f  r e d  spruce (Picea 
rubens) i n  t h e  V i r g i n i a s ,  second growth f o r e s t s  o f  birch-beech-maple 
(Betula-Fagus-Acer) were found t o  ha rbor  " f a i r "  p o p u l a t i o n s  accord ing  t o  
Brooks (1955), p a r t i c u l a r l y  when t h e y  had a  rhododendron (Rhododendron maximum) 
o r  heavy evergreen hea th  unders to ry .  A l d e r  (A lnus spp.) and w i l l o w  ( S a l i x  
spp.) t h i c k e t s  have been d e s c r i b e d  as good w i n t e r  cover  i n  Wisconsin ( B a i l e y  
1946) and A laska ( W o l f f  1980). Tompkins and Woehr (1979) r e p o r t e d  t h a t  
immature hardwood h a b i t a t ,  wh ich  p r o v i d e d  abundant w i n t e r  browse and cover,  
was p r e f e r r e d  i n  New York. They concluded t h a t  snowshoe hares may be b e s t  
adapted t o  such h a b i t a t ,  and use smal l  c o n i f e r  stands o n l y  o u t  o f  necess i t y ,  
due t o  t h e  s c a r c i t y  o f  hardwood stands s i n c e  f i r e  suppression and t h e  p r o h i b i -  
t i o n  o f  l o g g i n g .  Aspen (Populus t remu lo ides )  stands w i t h  dense u n d e r s t o r i e s  
were b e l i e v e d  t o  c o n s t i t u t e  marg ina l  t o  good snowshoe hare h a b i t a t  i n  Utah 
(Wolfe e t  a1 . 1982). 
Apparen t l y ,  a  wide v a r i e t y  o f  f o r e s t  t ypes  can be u t i l i z e d  i f  adequate 
cover  i s  a v a i l a b l e .  P i e t z  and T e s t e r  (1983) be1 i e v e d  t h a t  cover  q u a l i t y  i s  
t h e  c r u c i a l  f a c t o r  d e f i n i n g  h a b i t a t  p re fe rence  r e g a r d l e s s  o f  t h e  spec ies  
composi t ion o f  t h e  stand. Grange (1932) s t a t e d  t h a t  snowshoe hares can occupy 
f a i r l y  mature woodlands i f  beaver (Cas to r  canadensi s) were p resen t ,  s i n c e  hares 
make use o f  c u t t i n g s  l e f t  f rom beaver f o r a g i n g  a c t i v i t i e s .  B r u s h p i l e s  were 
h e a v i l y  used i n  New York and may have been i m p o r t a n t  t o  ha re  s u r v i v a l  where 
c o n i f e r s  were sparse o r  absent (Richmond and Chien 1976). O l d  burns c o n t a i n i n g  
dense b rush  and f a l l e n  l o g s  and l i m b s  can a l s o  be used e x t e n s i v e l y  as cover  
(Grange 1932). Snowshoe hares a r e  o f t e n  most abundant i n  sap1 i n g  and p o l e  
s tage f o r e s t  s tands (Brooks 1955; Bookhout 1965a; Richmond and Chien 1976). 
The r e l a t i o n s h i p  between t h e  amount o f  cover  and snowshoe hare abundance 
has been i n v e s t i g a t e d  by  severa l  workers .  Adams (1959) s u b j e c t i v e l y  eva lua ted  
cover  c o n d i t i o n s  i n  Montana. On t h e  b a s i s  o f  mean p e l l e t  d e n s i t y ,  he found 
t h a t  snowshoe hares p r e f e r r e d  "heavy" cover  [dense stands o f  e a r l y  po le -s i ze  
Doug las - f i  r (Pseudotsuga menziesi  i) w i t h  abundant ground 1  i t t e r  o f  dead 
sap l  i n g s  and t r e e  1  imbs] t o  "1 i g h t "  cover  (open stands w i t h  no shrub under- 
s t o r y ) ,  such as Ponderosa p i n e  (P inus ponderosa) stands.  Using a  d e n s i t y  
board  t o  measure o b s t r u c t i o n  t o  l a t e r a l  v i s i b i  1  i t y  i n  New York, Brocke (1975) 
found  t h a t  "base cover"  (used p r i m a r i l y  f o r  s h e l t e r )  v i s i b i l i t y  ranged from 2% 
(98% o b s t r u c t i o n )  a t  5  m t o  0% (100% o b s t r u c t i o n )  a t  20 m whereas " t r a v e l  
cover"  (used f o r  t r a v e l  f rom base cover  t o  f o r a g i n g  areas) v i s i b i l i t y  ranged 
f rom 14.7% (85.3% o b s t r u c t i o n )  a t  5  m t o  2.6% (97.4% o b s t r u c t i o n )  a t  20 m.  He 
suggested t h a t  l a t e r a l  v i s i b i l i t y  i s  t h e  s i n g l e  most i m p o r t a n t  s t i m u l u s  i n  
s e l e c t i n g  cover  t o  a v o i d  p r e d a t i o n .  Wolfe e t  a l .  (1982) determined t h a t  areas 
w i t h  h o r i z o n t a l  v e g e t a t i o n  d e n s i t i e s  o f  40% (60% v i s i b i l i t y )  t o  100% (0% 
v i s i b i l  i t y ) ,  as read  f rom a  p r o f i l e  board a t  a  d i s t a n c e  o f  15 m, can be 
adequate snowshoe hare w i n t e r  h a b i t a t  i n  Utah. 
V e r t i c a l  f o l i a g e  d e n s i t y  a l s o  i s  cons idered an i m p o r t a n t  f a c t o r  i n  h a b i t a t  
p re fe rence  ( W o l f f  1980). Brocke (1975) concluded t h a t  t r e e  h e i g h t  was t h e  
most i m p o r t a n t  f a c t o r  de te rm in ing  base cover  because i t  i n t e g r a t e s  t h e  charac- 
t e r i s t i c s  o f  s tand  d e n s i t y  and o b s t r u c t i o n  t o  v i s i b i l i t y .  Heavy cover  3  m 
above t h e  s u r f a c e  p r o v i d e s  concealment f rom a v i a n  p reda to rs ,  whereas heavy 
cover  < I m p r o v i d e s  concealment f rom t e r r e s t r i a l  p r e d a t o r s  ( W o l f f  1980). 
P i e t z  and T e s t e r  (1983) no ted  an i n c r e a s e  i n  t h e  number o f  snowshoe hare 
p e l l e t s  w i t h  an i n c r e a s e  i n  shrub cover  > 1 m i n  h e i g h t  i n  Minnesota. 
The abundance o f  fo rage  can v a r y  i n v e r s e l y  w i t h  t h e  d e n s i t y  o f  t r e e  cover  
due t o  shading, which i n h i b i t s  t h e  growth o f  food  species ( i . e . ,  herbaceous 
v e g e t a t i o n  and shrubs) (Adams 1959). I n  Nova S c o t i a ,  O r r  and Dodds (1982) 
found a  t r e n d  f o r  reduced snowshoe hare d e n s i t i e s  i n  areas dominated by t a l l e r  
t r e e s  w i t h  dense canopies.  They recorded lower  hare use where t r e e s  were 
t a l l e r  than  12 m and canopy c l o s u r e  exceeded 60% because adequate cover  and 
f o o d  were n o t  as a v a i l a b l e .  S i m i l a r l y ,  Richmond and Chien (1976) noted t h a t  
snowshoe hares d i d  n o t  s i g n i f i c a n t l y  use Red p i n e  (P. res inosa)  p l a n t a t i o n s  i n  
New York where most o f  t h e  lower  l i m b s  were e i t h e r  dead o r  m i s s i n g  and t h e  
t h i c k  canopy i n h i b i t e d  t h e  growth o f  u n d e r s t o r y  v e g e t a t i o n .  I n  Utah, however, 
t h e  removal o f  aspen o v e r s t o r y  i n  areas o f  dense unders to ry  r e s u l t e d  i n  a  
marked decrease i n  ha re  use, suggest ing t h a t  o v e r s t o r y  a l s o  i s  an impor tan t  
h a b i t a t  component (Wolfe e t  a l .  1982). I n  Michigan, cover  p r o v i d e d  by  t h e  
u n d e r s t o r y  was found t o  be more i m p o r t a n t  i n  d e f i n i n g  snowshoe hare use than 
t h e  cover  p r o v i d e d  by  t h e  o v e r s t o r y  (Bookhout 1965a). 
Reproduct ion 
C r i d d l e  (1938) d e s c r i b e d  a  snowshoe hare n e s t  as a  sha l low depress ion i n  
dead leaves  beneath a  l e a n i n g  t r e e  o r  among scrub, w h i l e  Cory (1912) desc r ibed  
t h e  n e s t  as b e i n g  composed o f  a  mass o f  grass covered w i t h  f u r  and concealed 
under a  bush o r  weeds. However, o t h e r  workers  contend t h a t  no n e s t  i s  con- 
s t r u c t e d  (Adams 1959; K e i t h ,  Department o f  W i  l d l  i f e  Ecology, U n i v e r s i t y  o f  
Wisconsin,  Madison; l e t t e r  da ted  January 1985). Adams (1959) found a  smal l  
p i l e  o f  evergreen sap l  i n g s  t h a t  was used as a  "nursery" .  
Young snowshoe ha res  l e a v e  t h e  l o c a t i o n  o f  b i r t h  w i t h i n  a  few days and 
s c a t t e r  i n t o  t h e  su r round ing  undergrowth ( C r i d d l  e  1938; Rongstad and T e s t e r  
1971). Young snowshoe hares i n  Minnesota spent  days i n  separate  h i d i n g  p l a c e s  
and came t o g e t h e r  once a  n i g h t  t o  nurse (Rongstad and T e s t e r  1971). Severa id  
(1942) found t h a t  c a p t i v e  snowshoe hares began t o  feed  on v e g e t a t i o n  a t  10 t o  
12 days o f  age and suggested t h a t  w i l d  hares become independent a t  2  weeks. 
A  shor tage o f  w i n t e r  browse can a f f e c t  t h e  r e p r o d u c t i v e  performance o f  
females th roughou t  t h e  summer d e s p i t e  adequate s p r i n g  herbaceous growth,  wh ich 
i n  t u r n  a f f e c t s  t h e  s u r v i v a l  o f  j u v e n i l e s  i n  t h e  summer (Vowles 1972, Vaughan 
and K e i t h  1981). Vowles (1972) a l s o  suggested t h a t  l i g h t - w e i g h t  j u v e n i l e  
ha res  s u f f e r  h i g h  m o r t a l i t y  d u r i n g  t h e  t r a n s i t i o n  p e r i o d  between a  summer 
herbaceous d i e t  and a  f a 1  1  d i e t  o f  browse. 
I n t e r s p e r s i o n  and Compos i t ion  
Snowshoe hares t r a v e l  v i a  runways t h a t  a r e  used and ma in ta ined  year - round 
(Grange 1932; C r i d d l e  1938). Runways a r e  used when c r o s s i n g  open areas f rom 
one s tand  o f  dense v e g e t a t i o n  t o  ano the r  ( O ' F a r r e l l  1965) and a l l o w  q u i c k  
escape f rom p r e d a t o r s  t h r o u g h  t h i c k  underbrush ( C r i d d l e  1938). Snowshoe hares 
a l s o  a r e  known t o  swim back and f o r t h  ac ross  r i v e r s  ( C r i d d l e  1938; Hunt 1950). 
T r a v e l  th rough  more open areas i s  u s u a l l y  done o n l y  a t  n i g h t  (A ldous 1937; 
B i d e r  1961; Brocke 1975). 
Snowshoe hares occupy f a i r l y  w e l l - d e f i n e d  home ranges t h a t  can o v e r l a p  
c o n s i d e r a b l y .  Most a u t h o r i t i e s  b e l i e v e  snowshoe hares have an a c t i v e  co re  
a r e a  o f  2  t o  3  ha, and t h a t  8  t o  10 ha a r e  t h e  l i m i t s  o f  home range ( W o l f f  
1980). However, home ranges p r o b a b l y  v a r y  w i t h  t h e  cover  t y p e  (Severa id  
1942). C r i d d l e  (1938) b e l i e v e d  t h a t  t h e  r a d i u s  o f  t h e  home range measures 
o n l y  a  few hundred y a r d s  i n  dense woods b u t  a  m i l e  o r  more i n  areas dominated 
b y  sparse underbrush.  
H a b i t a t  i n t e r s p e r s i o n  i s  an i m p o r t a n t  f a c t o r  d e t e r m i n i n g  snowshoe ha re  
d e n s i t y  and a c t i v i t y .  Tompkins and Woehr (1979) r e p o r t e d  t h a t  ha re  d e n s i t y  i n  
an area o f  numerous cover  t y p e s  was n e a r l y  t w i c e  t h a t  o f  an a d j a c e n t  area o f  
l e s s  numerous cover  t y p e s  i n  New York.  I n  a  pa tchy  environment,  wh ich p r o v i d e s  
dense cover  i n  w i n t e r  and more open f o r a g i n g  areas i n  summer, snowshoe hares 
a r e  a b l e  t o  s h i f t  s e a s o n a l l y  t o  a  change i n  d i e t  and t o  t a k e  advantage o f  
chang ing env i ronmenta l  c o n d i t i o n s  ( W o l f f  1980). I n  Montana, however, Adams 
(1959) found  t h a t  as f o o d  growing i n  areas o f  dense cover  was used up, hares 
were a t t r a c t e d  away f rom cover  t o  f e e d  and became more v u l n e r a b l e  t o  p r e d a t i o n .  
He conc luded t h a t  snowshoe ha re  d i s t r i b u t i o n  was a  r e s u l t  o f  ad jus tments  among 
t h e  s p a t i a l  r e l a t i o n s h i p s  o f  food,  cover ,  and p r e d a t o r s .  
H a b i t a t  s e l e c t i o n  can be i n f l u e n c e d  b y  t h e  season o f  t h e  y e a r .  A l though  
f o r a g e  was p l e n t i f u l  i n  summer, B i d e r  (1961) found t h a t  snowshoe ha re  movements 
and ranges d u r i n g  t h e  r e s t  o f  t h e  y e a r  were i n f l u e n c e d  by t h e  a v a i l a b i l i t y  o f  
c e r t a i n  p l a n t  spec ies  i n  Quebec. However, i n  A laska,  W o l f f  (1980) found t h a t  
snowshoe hares moved t o  more open areas i n  t h e  summer, due t o  t h e  s c a r c i t y  o f  
summer foods i n  dense w i n t e r  r e f u g e  areas.  He a l s o  suggested t h a t  seasonal 
movements were i n  response t o  f o r a g e  p re fe rences .  P i e t z  and T e s t e r  (1983) 
no ted  t h a t  snowshoe hares i n  Minnesota used areas o f  deciduous v e g e t a t i o n  more 
o f t e n  d u r i n g  snow-free p e r i o d s ,  p r o b a b l y  due t o  a  d i e t a r y  s h i f t .  
Snowshoe hares o c c a s i o n a l l y  l eave  areas o f  cover  t o  fo rage .  Vowles 
(1972) no ted  t h a t  hares o f  h i g h  p o p u l a t i o n  d e n s i t y  c rossed l a r g e  f i e l d s  t o  
f e e d  a t  g r a i n a r i e s  and e n t e r e d  farmyards t o  feed  on hay b a l e s  and s h e l t e r b e l t s  
i n  A l b e r t a .  However, open areas a r e  a p p a r e n t l y  used most o f t e n  when t h e y  a r e  
a s s o c i a t e d  w i t h  cover .  W o l f f  (1980) i n  A laska and Wol fe  e t  a l .  (1982) i n  Utah 
found t h a t  snowshoe hares moved t o  more open areas t o  fo rage  d u r i n g  t h e  summer 
growing season when adequate cover  was a v a i l a b l e .  Snowshoe hares i n  
Newfoundland e n t e r e d  open areas by  t r a v e r s i n g  a l d e r  beds o r  broken stands o f  
c o n i f e r s  i n  w i n t e r  (Dodds 1960). Feeding i s  o f t e n  concen t ra ted  i n  v e g e t a t i v e  
community edges t h a t  supp ly  b o t h  food  and nearby escape cover  (Cook and Robeson 
1945; Richmond and Chien 1976; Conroy e t  a1 . 1979). 
Cover c o n t i n u i t y  i s  an i m p o r t a n t  h a b i t a t  f a c t o r .  Brocke (1975) found 
t h a t  s m a l l ,  d i s c o n t i n u o u s  patches o f  f o r e s t  were used as t r a v e l  cover  b u t  n o t  
as  base cover  i n  New York.  Wol fe  e t  a l .  (1982) no ted  t h a t  snowshoe hares i n  
Utah were c o n c e n t r a t e d  i n  smal l  i s l a n d s  o f  f o r e s t e d  h a b i t a t  due t o  a  clumped 
d i s t r i b u t i o n  o f  young f ir t r e e s .  The use o f  a  mature f o r e s t  i s  o f t e n  dependent 
p r i m a r i l y  upon t h e  i n t e r s p e r s i o n  o f  openings ( i . e . ,  c u t o v e r  areas and areas o f  
young g rowth  caused b y  f i r e )  (Dodds 1960; Grange 1965). Brocke (1975) 
suggested t h a t  t h e  maximum w i d t h  o f  con t inuous  base and t r a v e l  cover  t r a c t s  
shou ld  n o t  exceed 200 m u n l e s s  i n t e r s p e r s e d  w i t h  openings o f  browse. Conroy 
e t  a l .  (1979) recommended t h a t  cover  shou ld  n o t  exceed a  d i s t a n c e  o f  200 t o  
400 m  f rom c u t o v e r  areas.  
Adequate i n t e r s p e r s i o n  o f  cover  i s  o f t e n  most c r i t i c a l  d u r i n g  t h e  w i n t e r .  
Conroy e t  a l .  (1979) determined t h a t  c e d a r - f i r  (Thu ja  o c c i d e n t a l i s - A .  balsamea) 
cover  i n  M ich igan  a c t e d  as " r e s e r v o i r s "  where snowshoe ha re  -popu la t i ons  
p e r s i s t e d  d u r i n g  t h e  w i n t e r .  Baker e t  a l .  (1921) i n  Utah and  riddle (1938) 
i n  Mani toba no ted  t h a t  snowshoe hares s c a t t e r e d  i n  t h e  s p r i n g  and summer b u t  
congregated i n  t h i c k e t s  a f t e r  heavy w i n t e r  snows. Snowshoe hares i n  A laska 
d i s t r i b u t e d  themselves e v e n l y  th roughou t  a l l  s u i t a b l e  h a b i t a t s  d u r i n g  summer 
( W o l f f  1980). I n  w i n t e r ,  hares moved t o  an area t h a t  p r o v i d e d  75% v e r t i c a l  
f o l i a g e  d e n s i t y  (25% v i s i b i l i t y )  a t  a l l  l e v e l s  up t o  4  m y  as measured f rom a  
d i s t a n c e  o f  3  m u s i n g  a  checkerboard p l a c a r d .  Grange (1965) no ted  t h a t  snow- 
shoe ha res  were f o r c e d  t o  move when deep snows covered p i n e  t r e e s  t h a t  were 
1.1 m h i g h  i n  Minnesota .  Snowshoe hares i n  Quebec were more a c t i v e  i n  summer 
due t o  t h e  cover  p r o v i d e d  by  an i n c r e a s e  i n  canopy d e n s i t y  a t  t h a t  t i m e  ( B i d e r  
1961). Snowshoe ha re  t r a c k s  were found c r o s s i n g  a  l a r g e  p l a i n  i n  Mani toba 
when ha res  were l e a v i n g  o u t l y i n g  bushes and t h e  l e s s  dense p a r t s  o f  l a r g e  
woods f o r  more dense areas i n  t h e  f a l l  ( C r i d d l e  1938). 
P o p u l a t i o n  p ressures  a l s o  can a f f e c t  t h e  a v a i l a b i l i t y  o f  adequate cover .  
D i s p e r s a l  movements have been observed when young snowshoe hares augment 
p o p u l a t i o n s  i n  l a r g e  numbers (Adams 1959; Do lbeer  1972). Due t o  t h e  d i scon-  
t i n u o u s  n a t u r e  o f  snowshoe ha re  h a b i t a t  i n  t h e  Western U n i t e d  S ta tes ,  j u v e n i l e  
ha res  can be f o r c e d  t o  d i s p e r s e  i n t o  l e s s  f a v o r a b l e  (more open) h a b i t a t ,  
r e s u l t i n g  i n  h i g h  m o r t a l i t y  (Do lbeer  1972; Do lbeer  and C l a r k  1975). I n  Alaska,  
t h e  b o r e a l  f o r e s t  c o n s i s t s  o f  a  mosaic o f  spruce,  deciduous,  mixed c o n i f e r o u s -  
deciduous,  and w i l l o w - s h r u b  communit ies.  T h i s  h e t e r o g e n e i t y  a l l o w s  snowshoe 
hares  t o  d i s p e r s e  and become e s t a b l i s h e d  i n  l e s s  f a v o r a b l e  h a b i t a t  d u r i n g  a  
p o p u l a t i o n  i n c r e a s e  ( W o l f f  1981). D u r i n g  p o p u l a t i o n  d e c l i n e s ,  snowshoe ha res  
a v o i d  l o c a l  e x t i n c t i o n  b y  seek ing  r e f u g e  i n  dense c o v e r  ( K e i t h  1966; W o l f f  
1980).  W o l f f  (1980) b e l i e v e d  t h a t  t h e  magn i tude and f requency  o f  c y c l e s  can 
be c o n t r o l  l e d  i n  p a r t  by  t h e  s i z e  and number o f  such a reas  o f  c o v e r .  
Snowshoe ha res  can be a f f e c t e d  by  b a r r i e r s  t o  normal movement. Conroy 
e t  a l .  (1979) n o t e d  t h a t  a reas  o f  spa rse  woody c o v e r  appeared t o  i n h i b i t  t h e  
movements o f  h a r e s  i n  M i c h i g a n .  Brocke (1975) f ound  t h a t  ha res  i n  New York  
c r o s s e d  a  c l e a r i n g  70 m i n  w i d t h  o n l y  i n  a  na r row  neck dominated  by  sparse  
c o n i f e r  c o v e r .  He a l s o  f ound  a  two - l ane  paved h ighway t o  be a  m a j o r  b a r r i e r  
t o  movements. 
S p e c i a l  C o n s i d e r a t i o n s  
Snowshoe h a r e  p o p u l a t i o n s  e x h i b i t  8  t o  11-year  c y c l e s  i n  A l a s k a  ( W o l f f  
1980) and a l l  Canadian p r o v i n c e s  e x c e p t  t h e  M a r i t i m e s  ( K e i t h  1963).  Popula-  
t i o n s  i n  t h e  n o r t h e a s t e r n  (Cook and Robeson 1945) and w e s t e r n  (Howe l l  1923) 
U n i t e d  S t a t e s  do  n o t  e x h i b i t  ex t reme f l u c t u a t i o n s  i n  numbers. The magn i tude 
o f  c y c l e s  g e n e r a l l y  appears  t o  be g r e a t e r  n o r t h w a r d  o v e r  t h e  snowshoe h a r e ' s  
range  (Adams 1959). 
P r e d a t o r s  e x h i b i t  a  w e l l - d e f i n e d  f u n c t i o n a l  and numer i ca l  response t o  
changes i n  snowshoe h a r e  abundance ( K e i t h  e t  a l .  1977) .  P r e d a t o r s  can move t o  
a r e a s  o f  h i g h  h a r e  abundance and dep ress  l o c a l  ha re  p o p u l a t i o n s .  M a j o r  
p r e d a t o r s  i n  t h e  N o r t h  i n c l u d e  t h e  l y n x  (Lynx canadens i s ) ,  goshawk ( A c c i p i t e r  
g e n t i  1  i s ) ,  g r e a t  ho rned  owl (Bubo v i  r g i  n i a n u s )  , r e d  f o x  ( V u l  pes f u l  va) ,  r ed -  
t a i l e d  hawk (Bu teo  -j a m a i c e n s i s ) ,  and p i n e  mar ten  (Mar tes  amer i cana ) .  The r e d  
f o x ,  c o y o t e  (Can i s  - l a t r a ~ s ) ,  b o b c a t  (Lynx  -- r u f u s ) ,  and s e v e r a l  hawk and owl 
s p e c i e s  a r e  i m p o r t a n t  s o u t h e r n  p r e d a t o r s  ( W o l f f  1980).  Dogs ( O ' F a r r e l l  1965) 
and house c a t s  ( S e v e r a i d  1942) can be i m p o r t a n t  p r e d a t o r s  i n  s e t t l e d  a reas  
Seve ra l  m a j o r  f a c t o r s  can l i m i t  snowshoe h a r e  p o p u l a t i o n  s i z e .  These 
i n c l u d e  l a c k  o f  adequate  c o v e r  (Cook and Robeson 1945; Bookhout  1965a, Brocke 
1975), w i n t e r  f o o d  (deVos 1964; Vowles 1972; Wa lsk i  and Mautz 1977),  and 
seve re  w i n t e r  wea the r  (Meslow and K e i t h  1971; Vowles 1972).  Conroy e t  a1 . 
(1979) b e l i e v e d  t h a t  w i n t e r  r e p r e s e n t e d  t h e  c r i t i c a l  season f o r  snowshoe ha res  
i n  M i c h i g a n .  
Snowshoe ha res  can e x p e r i e n c e  c o m p e t i t i o n  f r o m  o t h e r  an ima l  s .  Dodds 
(1960) b e l i e v e d  t h a t  o v e r g r a z i n g  by  domes t i c  sheep i n  Newfoundland caused 
summer f o o d  s c a r c i t y ,  t h e r e b y  l i m i t i n g  snowshoe ha re  p o p u l a t i o n s .  Moose 
( A l c e s  pp a l c e s )  (Dodds 1960) and w h i t e t a i l  d e e r  ( O d o c o i l e u s  v i r g i n i a n u s )  
(Bookhout  1965a,b) b r o w s i n g  can reduce  t h e  amount o f  f o o d  and c o v e r  a v a i l a b l e  
t o  snowshoe ha res .  C o t t o n t a i l  r a b b i t s  ( S y l v i l a g u s  spp.)  and snowshoe ha res  
can e x c l u d e  one a n o t h e r  i n  a r e a s  o f  s u i t a b l e  h a b i t a t  ( B u e h l e r  and K e i t h  1982).  
M o d i f i c a t i o n s  o f  h a b i t a t ,  such as  d r a i n a g e  and d e f o r e s t a t i o n ,  can 
e l i m i n a t e  snowshoe h a r e s  f r o m  an a r e a  (deVos 1962; Windberg and K e i t h  1978).  
Large  numbers o f  snowshoe h a r e s  can be a  s e r i o u s  d e c i m a t i n g  f a c t o r  t o  
n a t u r a l  r e g e n e r a t i o n  i n  f o r e s t  s t a n d s  and i n  t r e e  p l a n t a t i o n s  (Baker  e t  a l .  
1921).  B a r k i n g  and b r o w s i n g  damage can k i l l ,  de form,  and reduce t h e  v i g o r  o f  
t r e e s  and shrubs  (deVos 1964). Snowshoe ha res  p r e f e r  t h e  i n c r e a s e d  f o o d  and 
c o v e r  a s s o c i a t e d  w i t h  o v e r s t o c k e d  s tands  ( S u l l i v a n  and S u l l i v a n  1982, 1983).  
These a u t h o r s  f o u n d  maximum h a r e  damage w i t h  a  s t o c k i n g  r a t e  o f  abou t  35,000 
stems/ha and a  minimum w i t h  5,000 t o  10,000 stems/ha on a  s t a n d  o f  young 
s a p l i n g  and p o l e - s i z e  l o d g e p o l e  p i n e  ( P .  -- c o n t o r t a )  i n  B r i t i s h  Columbia.  To 
mi n i m i z e  snowshoe h a r e  damage, Cox (1938) recommended a g a i n s t  heavy p l  a n t i  ngs 
t h a t  wou ld  p r o v i d e  good c o v e r  w h i l e  t r e e s  a r e  s t i l l  sma l l  and l ow  enough t o  be 
browsed.  B a i l e y  (1946) and S u l l  i v a n  and S u l l  i v a n  (1982) recommended p l a n t i n g  
d u r i n g  p e r i o d s  o f  l o w  snowshoe h a r e  abundance. S u l l  i v a n  and S u l l  i v a n  (1982) 
a l s o  suggested  t h i n n i n g  t h e  s tands  d u r i n g  t h e  p r e d i c t e d  damage p e r i o d  and 
p r o v i d i n g  f a l l e n  p i n e  f o l i a g e  and s l a s h  as an a l t e r n a t e  food source .  
B rows ing  b y  snowshoe ha res  a l s o  can be u s e f u l  by  a c c e l e r a t i n g  t r e e  g r o w t h  
(Cox 1938; Cook and Robeson 1945) and by  t h i n n i n g  s tands  (Roe and S t o e c k e l e r  
1950),  t h e r e b y  r e d u c i n g  f i r e  and i n s e c t  damage (Cox 1938) .  Snowshoe ha re  
h a b i t a t  can be enhanced b y  c l e a r c u t t i n g  (Conroy  e t  a l .  1979; Tompkins and 
Woehr 1979; Wo l fe  e t  a l .  1982) and p r e s c r i b e d  b u r n i n g  (Tompkins and Woehr 
1979; W o l f f  1980) .  Grange (1965) s t a t e d  t h a t  f i r e  and o t h e r  d i s t u r b a n c e s  
a l l o w  ha res  t o  s u r v i v e  i n  sma l l  numbers i n  ma tu re  f o r e s t s .  B u e h l e r  and K e i t h  
(1982) b e l i e v e d  t h a t  u n s u i t a b l e  snowshoe h a r e  h a b i t a t  i n c r e a s e s  i n  t h e  absence 
o f  e x t e n s i v e  f i r e s  and l o g g i n g .  Adams (1959) recommended l i g h t l y  t h i n n i n g  
e x t r e m e l y  dense f o r e s t e d  a reas  t o  a l l o w  t h e  g r o w t h  o f  f o r a g e  p l a n t s  and 
p l a n t i n g  c lumps o f  c o n i f e r o u s  c o v e r  i n  a reas  w i t h  i nadequa te  c o v e r .  Conroy 
e t  a l .  (1979) b e l i e v e d  t h a t  c u t o v e r  can be enhanced f o r  snowshoe ha res  by  
l e a v i n g  s l a s h  on t h e  s i t e .  
HABITAT SUITABILITY INDEX (HSI )  MODEL 
Model A p p l i c a b i l i t y  
Geograph ic  a r e a .  T h i s  model was deve loped  f o r  a p p l i c a t i o n  t h r o u g h o u t  t h e  
range  o f  t h e  snowshoe h a r e  ( F i g .  1). 
Season. T h i s  model was deve loped  t o  e v a l u a t e  t h e  w i n t e r  h a b i t a t  o f  t h e  
snowshoe h a r e .  
Cover t y p e s .  T h i s  model was deve loped  t o  e v a l u a t e  h a b i t a t  i n  t h e  f o l l o w -  
i n g  c o v e r  t y p e s  ( t e r m i n o l o g y  f o l l o w s  t h a t  o f  U.S. F i s h  and W i l d l i f e  S e r v i c e  
1981) : Eve rg reen  F o r e s t  (EF) ; Dec iduous F o r e s t  (DF) ; Evergreen Tree Savanna 
(ETS) ; Dec iduous T ree  Savanna (DTS) ; Evergreen Sh rub land  (ES) ; Deciduous 
Sh rub land  (DS); Eve rg reen  Shrub Savanna (ESS); Deciduous Shrub Savanna (DSS); 
Eve rg reen  F o r e s t e d  Wet land  (EFW); Dec iduous F o r e s t e d  Wet land  (DFW); Evergreen 
Scrub-Shrub Wet land  (ESW); and Dec iduous Scrub-Shrub Wet land  (DSW). 
F i g u r e  1. Approx imate  range o f  t h e  snowshoe ha re  ( m o d i f i e d  f rom 
B i t t n e r  and Rongstad 1982). 
Minimum h a b i t a t  a rea .  Minimum h a b i t a t  a rea  i s  d e f i n e d  as t h e  minimum 
amount o f  con t iguous  h a b i t a t  t h a t  i s  r e q u i r e d  b e f o r e  a  spec ies  w i l l  l i v e  and 
reproduce i n  an area.  B u e h l e r  and K e i t h  (1982) de te rm ined  t h a t  s i t e s  w i t h  
> 160 ha o f  s u i t a b l e  h a b i t a t  i n  Wiscons in  were most o f t e n  occup ied by snowshoe 
ha res .  However, snowshoe ha res  a r e  known t o  i n h a b i t  wood lo t  h a b i t a t  b l o c k s  o f  
1 t o  5 ha when w i t h i n  1 . 6  t o  8  km o f  l a r g e r  a reas  o f  con t iguous  h a b i t a t  ( K e i t h ,  
unpubl  . ) . 
V e r i f i c a t i o n  l e v e l .  The f i r s t  d r a f t  o f  t h i s  model was c r i t i q u e d  by John 
R. Cary and L l o y d  B. K e i t h ,  U n i v e r s i t y  o f  Wiscons in ,  Madison; Michae l  R.  
Vaughan, V i  r g i  n i a  Coopera t i ve  F i s h  and W i  l d l  i f e  Research U n i t ,  B l  acksburg , VA; 
Lamar A. Windberg, U.S. F i s h  and W i l d l i f e  S e r v i c e ,  Laredo, TX; and Michae l  L. 
Wol fe ,  Utah S t a t e  U n i v e r s i t y ,  Logan. Comments f rom these  r e v i e w e r s  have been 
i n c o r p o r a t e d  i n t o  t h e  c u r r e n t  model. 
Model D e s c r i p t i o n  
Overv iew.  The snowshoe h a r e  h a b i t a t  model c o n s i d e r s  t h e  a b i l i t y  o f  
w i n t e r  h a b i t a t  t o  meet t h e  f o o d  and c o v e r  needs o f  t h e  s p e c i e s  as an i n d i c a t i o n  
o f  y e a r - r o u n d  h a b i t a t  s u i t a b i l i t y .  It i s  b e l i e v e d  t h a t  snowshoe ha res  i n h a b i t  
a r e a s  d u r i n g  t h e  summer t h a t  do  n o t  p r o v i d e  s u i t a b l e  w i n t e r  h a b i t a t .  The 
a b i l i t y  o f  summer h a b i t a t  t o  c o n t i n u a l l y  s u p p o r t  p o p u l a t i o n s  o f  snowshoe ha res  
i s  d e t e r m i n e d  by  i t s  i n t e r s p e r s i o n  w i t h  w i n t e r  h a b i t a t .  A m a j o r  assumpt ion  o f  
t h i s  model i s  t h a t  a r e a s  t h a t  p r o v i d e  adequate f o o d  and c o v e r  d u r i n g  t h e  
w i n t e r  a l s o  w i l l  p r o v i d e  adequate  summer f o o d  and c o v e r .  T h i s  assumpt ion  i s  
based on t h e  b e l i e f  t h a t  dec iduous  s p e c i e s  t h a t  p r o v i d e  adequate w i n t e r  f o o d  
a l s o  w i l l  p r o v i d e  adequate f o l i a g e  f o r  t h e  summer d i e t s  o f  snowshoe h a r e s .  I n  
h a b i t a t s  dominated  by  c o n i f e r o u s  spec ies ,  i t  i s  assumed t h a t  an adequate 
amount o f  dec iduous  f o r a g e  and/or  herbaceous v e g e t a t i o n  w i l l  o c c u r  t o  s u p p o r t  
snowshoe ha res  d u r i n g  t h e  g r o w i n g  season. It a l s o  i s  assumed t h a t  summer 
c o v e r  w i l l  neve r  be more l i m i t i n g  t h a n  w i n t e r  c o v e r .  R e p r o d u c t i v e  h a b i t a t  
r e q u i r e m e n t s  o f  t h e  snowshoe h a r e  a r e  assumed t o  be met  b y  t h e  same h a b i t a t  
c h a r a c t e r i s t i c s  t h a t  d e f i n e  t h e  s p e c i e s '  w i n t e r  h a b i t a t .  
The f o l l o w i n g  s e c t i o n s  p r o v i d e  a  w r i t t e n  documen ta t i on  o f  t h e  l o g i c  and 
assumpt ions  used t o  i n t e r p r e t  t h e  h a b i t a t  i n f o r m a t i o n  f o r  t h e  snowshoe h a r e  
and t o  e x p l a i n  and j u s t i f y  t h e  v a r i a b l e s  and e q u a t i o n s  used i n  t h e  HSI model .  
S p e c i f i c a l l y ,  t h e s e  s e c t i o n s  c o v e r  i d e n t i f i c a t i o n  o f  v a r i a b l e s  t h a t  w i l l  be 
used i n  t h e  model,  d e f i n i t i o n  and j u s t i f i c a t i o n  o f  t h e  s u i t a b i l i t y  l e v e l s  o f  
each v a r i a b l e ,  and a  d e s c r i p t i o n  o f  t h e  assumed r e l a t i o n s h i p  between v a r i a b l e s .  
Food component. Snowshoe h a r e s  r e q u i r e  enough f o r a g e  i n  t h e  f o r m  o f  
woody browse and c o n i f e r o u s  f o l i a g e  t o  s u s t a i n  them o v e r  t h e  w i n t e r  months. 
I n f o r m a t i o n  on t h e  amount o f  c o n i f e r o u s  f o l i a g e  snowshoe ha res  consume was n o t  
f o u n d  i n  t h e  l i t e r a t u r e .  The f o l l o w i n g  d i s c u s s i o n  p e r t a i n s  o n l y  t o  t h e  woody 
p o r t i o n  o f  t h e  snowshoe h a r e s '  d i e t .  
Snowshoe ha res  c l i p  stems up t o  1.5 cm i n  d i a m e t e r  d u r i n g  t h e  w i n t e r ,  
a l t h o u g h  stems < 1 cm a r e  c l i p p e d  f a r  more commonly ( K e i t h  e t  a l .  1984). 
Snowshoe ha res  r e a c h  browse w i t h i n  60 cm o f  t h e  ground o r  snowcover. K e i t h  
e t  a l .  (1984) emphasized t h e  d i f f e r e n c e  between a v a i l a b l e  browse and a v a i l a b l e  
f ood .  They d e f i n e d  a v a i l a b l e  f o o d  as  t h a t  p o r t i o n  o f  t h e  a v a i l a b l e  browse 
t h a t  was <- 4  mm i n  d i a m e t e r ,  e x c l u d i n g  u n p a l a t a b l e  s p e c i e s .  T h i s  d e f i n i t i o n  
was based on e v i d e n c e  t h a t  snowshoe ha res  l o s e  w e i g h t  and d i e  r a p i d l y  when 
f o r c e d  t o  s u b s i s t  on browse w i t h  a  d i a m e t e r  > 4  mm. I n  a d d i t i o n  t o  d i a m e t e r ,  
o t h e r  f a c t o r s  i n c l u d i n g  p a l a t a b i l i t y ,  d i g e s t i b i l i t y ,  s p e c i e s  d i v e r s i t y  ( K e i t h  
e t  a l .  1984), n u t r i t i v e  v a l u e ,  and h a r e  b e h a v i o r  ( S i n c l a i r  e t  a l .  1982) d e t e r -  
mine  what  p o r t i o n  o f  a v a i l a b l e  browse i s  a c t u a l l y  f o o d .  An a t t e m p t  t o  d e f i n e  
and q u a n t i f y  t h e s e  v a r i a b l e s  i s  beyond t h e  scope o f  t h i s  model .  I t  i s  assumed 
t h a t  an e s t i m a t e  o f  a v a i l a b l e  browse, as d e f i n e d  b y  t h i s  model ,  w i l l  g i v e  a  
r e a s o n a b l e  i n d i c a t i o n  o f  f o o d  a v a i l a b i  1  i t y  f o r  snowshoe h a r e s .  A v a i l a b l e  
browse i s  t h e r e b y  d e f i n e d  as  woody stems and b ranches  t h a t  a r e :  ( I )  w i t h i n  
t h e  h e i g h t  f r o m  g round  l e v e l  t o  60 cm above t h e  average l o c a l  snow dep th ;  
(2 )  r 1 .5  cm i n  d i a m e t e r ;  and (3)  l i v e  [i .e. ,  c o n t a i n  1  i v e  buds and b a r k ,  and 
w h i c h  bend r a t h e r  t h a n  b r e a k  e a s i l y  ( G r i g a l  and Moody 1 9 8 0 ) l .  Browse s p e c i e s  
known t o  be u n p a l a t a b l e  t o  snowshoe ha res  a r e  n o t  c o n s i d e r e d  as a v a i l a b l e  
browse ( T a b l e  1). 
I n  o r d e r  t o  suppor t  a  p o p u l a t i o n  o f  snowshoe hares,  a  h a b i t a t  must p r o v i d e  
a  s u f f i c i e n t  q u a n t i t y  o f  browse th roughou t  t h e  non-growing season. I n  t h i s  
model, a  s tandard  f o o d  requ i rement  (SFR) i s  used t o  d e f i n e  t h e  optimum browse 
c o n d i t i o n .  The SFR can be c a l c u l a t e d  as  f o l l o w s :  
where KHD = t h e  t o t a l  number o f  k i l o g r a m s  (we t  we igh t )  o f  a v a i l a b l e  
browse r e q u i r e d  p e r  ha re  p e r  day [e.g. ,  3 kg r e p o r t e d  by  
Vowles (1972) and Pease e t  a l .  (1979) l .  
NFD = t h e  average number o f  f r o s t  days p e r  y e a r  ( f r o m  l o c a l  
r e c o r d s ) .  
SD = t h e  s tandard  d e n s i t y  o f  hares used t o  d e f i n e  optimum 
f o o d  c o n d i t i o n s  [e .g . ,  4  h a r e d h a  based on d a t a  f rom 
W o l f f  (1980) l .  
The v a l u e  o f  t h e  s tandard  d e n s i t y  (SD) f o r  Equa t ion  1 was a r b i t r a r i l y  
chosen as a  means o f  d e f i n i n g  optimum browse c o n d i t i o n s .  An optimum f o r a g i n g  
h a b i t a t  wou ld  p r o v i d e  enough browse t o  suppor t  t h e  m e t a b o l i c  requ i rements  o f  
t h e  chosen d e n s i t y  o f  ha res .  Fo r  example, t h e  d a t a  o f  W o l f f  (1980),  whose 
s tudy  area c o n s i s t e d  o f  d i v e r s e ,  h i g h l y  p r o d u c t i v e  ha re  h a b i t a t s ,  can be used 
t o  d e f i n e  t h e  optimum browse c o n d i t i o n  f o r  i n t e r i o r  A laska.  W o l f f  used a  dpb 
o f  > 3 mm as an i n d i c a t i o n  o f  browse consumption i n  excess o f  c a r r y i n g  
c a p a c i t y .  He no ted  t h a t  a p o p u l a t i o n  o f  1 .4  hares/ha c o u l d  be ma in ta ined  by  
t w i g s  < 3 mm i n  d iamete r ,  whereas l a r g e r ,  l e s s  n u t r i t i o u s  t w i g s  ( i  dpb = 
9 .4  mm) were consumed when p o p u l a t i o n s  were approx ima te ly  6 hares/ha.  Assuming 
t h a t  t h e  low  d e n s i t y  was below c a r r y i n g  c a p a c i t y  and t h e  h i g h  d e n s i t y  was 
above c a r r y i n g  c a p a c i t y ,  a  midrange f i g u r e  o f  3 . 7  hares/ha m i g h t  be a  good 
e s t i m a t e  f o r  t h e  SD i n  i n t e r i o r  A laska.  When t h e  f i e l d  e s t i m a t e  o f  a v a i l a b l e  
browse (EAB) i s  o b t a i n e d  and compared w i t h  t h e  SFR, t h e  r e s u l t i n g  r a t i o  equa ls  
t h e  S I  f o r  f o o d  (Equa t ion  2 ) .  I f  t h e  r a t i o  > 1, then  S I V l  = 1 .0  
The above method o f  browse e s t i m a t i o n  r e q u i r e s  i n t e n s i v e  sampling which 
may be beyond t h e  resources o r  requ i rements  of some users  o f  t h i s  model. 
Therefore ,  an a l t e r n a t e  method o f  browse e s t i m a t i o n  i s  p r o v i d e d  i n  t h e  f o l l o w -  
i ng d i  scuss i  on. 
The l i t e r a t u r e  i n d i c a t e s  t h a t  snowshoe hares p r e f e r  stem and t w i g  s i z e s  
t h a t  commonly occur  i n  young-growth f o r e s t s .  It i s  assumed t h a t  h a b i t a t s  t h a t  
p r o v i d e  abundant c o n i f e r o u s  f o l i a g e  and deciduous browse i n  t h e  form o f  shrubs 
and young t r e e s  w i l l  p r o v i d e  adequate w i n t e r  food  f o r  snowshoe hares.  Forage 
c l a s s  v e g e t a t i o n  i s  the reby  d e f i n e d  as p a l a t a b l e ,  l i v e  v e g e t a t i o n  i n  t h e  form 
o f  c o n i f e r o u s  and deciduous shrubs, seed1 i n g s  (< 2.5 cm dbh), and sap l ings  
(2.5 - 12.4 cm dbh) ( U . S .  Fo res t  Serv i ce  1982). I t i s  assumed t h a t  cover  
t ypes  have no s u i t a b i l i t y  as f o r a g i n g  h a b i t a t  where l i v e  c o n i f e r o u s  f o l i a g e  
and t h e  l i v e  woody p o r t i o n s  o f  deciduous shrubs and young t r e e s  p r o v i d e  0% 
v i s u a l  o b s t r u c t i o n .  Cover t ypes  i n  which these v e g e t a t i o n  c lasses  p r o v i d e  
2 50% v i s u a l  o b s t r u c t i o n  p r o v i d e  optimum f o r a g i n g  h a b i t a t  s u i t a b i l i t y  ( F i g .  2) .  
Snowshoe hares a r e  known t o  c l i p  down v e g e t a t i o n  t h a t  would o the rw ise  be o u t  
o f  reach ( K e i t h  e t  a l .  1984). It i s  assumed t h a t  a  measurement o f  forage 
c l a s s  v e g e t a t i o n  up t o  3 m above t h e  ground w i l l  adequate ly  rep resen t  vegeta- 
t i o n  a v a i l a b l e  t o  snowshoe hares when c l i p p e d ,  as w e l l  as v e g e t a t i o n  a v a i l a b l e  
d u r i n g  p e r i o d s  o f  deep snow. 
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F i g u r e  2. The r e l a t i o n s h i p  between t h e  average v i s u a l  o b s t r u c t i o n  o f  
l i v e  fo rage  c l a s s  v e g e t a t i o n  and t h e  s u i t a b i l i t y  index va lue  f o r  
snowshoe hare w i n t e r  food. 
Cover component. Snowshoe hares r e q u i r e  s u f f i c i e n t  cover  f o r  p r o t e c t i o n  
f rom p r e d a t o r s  and inc lement  weather.  Cover f o r  snowshoe hares can c o n s i s t  o f  
b o t h  l i v i n g  and dead v e g e t a t i o n .  Measurements o f  l a t e r a l  v i s i b i l i t y  a r e  
assumed t o  be t h e  most a c c u r a t e  method o f  assess ing cover  f o r  snowshoe hares.  
Cover h e i g h t  i s  a l s o  an i m p o r t a n t  c o n s i d e r a t i o n .  I n  o r d e r  t o  p r o v i d e  s e c u r i t y  
f rom a v i a n  p r e d a t i o n  and s h e l t e r  d u r i n g  p e r i o d s  o f  deep snowpack, adequate 
cover  f o r  snowshoe ha res  must ex tend f rom t h e  ground t o  some h e i g h t  above 
ground l e v e l .  I t  i s  assumed t h a t  cover  t ypes  t h a t  p r o v i d e  < 40% v i s u a l  
o b s t r u c t i o n  up t o  a h e i g h t  o f  3 m above t h e  ground have no s u i t a b i l i t y  as 
cover  ( F i g .  3 ) .  Cover t y p e s  t h a t  p r o v i d e  2 90% v i s u a l  o b s t r u c t i o n  up t o  3 m  
have optimum s u i t a b i l i t y  ( F i g .  3) .  As a  s tandard,  v i s u a l  o b s t r u c t i o n  shou ld  
be measured f rom a  d i s t a n c e  o f  15 m. Because t h i s  model i s  i n tended  t o  e v a l u a t e  
t h e  w i n t e r  h a b i t a t  o f  snowshoe hares,  i t  i s  e s s e n t i a l  t h a t  measurements o f  
cover  be conducted d u r i n g  t h e  p e r i o d  a f t e r  l e a f - f a l l  o r  b e f o r e  new growth.  I f  
measurements must be done d u r i n g  t h e  growing season, a  b e s t  guess o f  w i n t e r  
c o n d i t i o n s ,  based on p r e v a i l i n g  c o n d i t i o n s ,  must be made i n  o r d e r  t o  o b t a i n  a  
reasonab ly  a c c u r a t e  e s t i m a t e  o f  w i n t e r  h a b i t a t  parameters.  
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F i g u r e  3. The r e l a t i o n s h i p  between t h e  average v i s u a l  o b s t r u c t i o n  
o f  a l l  l i v i n g  and dead v e g e t a t i o n  and t h e  s u i t a b i l i t y  i ndex  v a l u e  
f o r  snowshoe ha re  w i n t e r  cover .  
HSI d e t e r m i n a t i o n .  The H a b i t a t  S u i t a b i l i t y  I ndex  f o r  t h e  snowshoe ha re  
i s  de te rm ined  by  t h e  qua l  i t y  o f  f o r a g i n g  h a b i t a t  ( S I V 1  o r  SIV2) and cove r  
h a b i t a t  (SIV3).  The r e l a t i o n s h i p  between cove r  and f o r a g i n g  h a b i t a t  qua l  i ty  
i s  i l l u s t r a t e d  i n  t h e  f o l  ;owing equa t ions :  
HSI = (SIV1 x  SIV3) 
HSI = (SIV2 x  SIV3) 
A p p l i c a t i o n  o f  t h e  model 
A p p l i c a t i o n  procedure .  When u s i n g  SIV2 as an i ndex  o f  f ood  s u i t a b i l i t y ,  
measurements o f  w i n t e r  f o o d  can be taken  a t  t h e  same t i m e  and by t h e  same 
method as measurements o f  w i n t e r  cove r .  I n  essence, SIV2 w i l l  be rep resen ted  
as a  f r a c t i o n  o f  SIV3. Us ing  t h i s  combined method, i t  would  be p o s s i b l e  t o  
s imul  t a n e o u s l y  e v a l u a t e  f o o d  and cove r  c h a r a c t e r i s t i c s  o f  t h e  h a b i t a t  and t o  
de te rm ine  wh ich  component i s  l i m i t i n g .  Fo r  example, an o l d  g rowth  f o r e s t  
h a b i t a t  w i t h  abundant d e a d f a l l  can p r o v i d e  adequate cove r  b u t  be d e f i c i e n t  i n  
s i z e  c l a s s e s  o f  p l a n t s  f o r a g e d  b y  snowshoe ha res .  R e l a t i v e l y  open areas w i t h  
i nadequa te  cove r  a l s o  can p r o v i d e  e i t h e r  inadequate  q u a n t i t i e s  o f  f o r a g e  o r  
reduced o p p o r t u n i t i e s  f o r  snowshoe hares  t o  e x p l o i t  a v a i l a b l e  food  resources.  
Optimum h a b i t a t  wou ld  p r o v i d e  adequate cove r  i n  t h e  fo rm o f  v e g e t a t i o n  wh ich  
a1 so c o n s t i t u t e s  w i n t e r  f o r a g e  f o r  snowshoe hares .  
I n  h a b i t a t s  t h a t  d i s p l a y  a  h i g h  degree o f  cove r  t y p e  d i v e r s i t y  ( e . g . ,  a  
mature  f o r e s t  i n t e r s p e r s e d  w i t h  i s l a n d s  o f  e a r l y  success iona l  s tage vegeta-  
t i o n ) ,  t h e  p o t e n t i a l  v a l u e  o f  a  cove r  t y p e  i s  i n f l u e n c e d  by  t h e  mix o f  cove r  
t y p e s .  The l i t e r a t u r e  i n d i c a t e s  t h a t  snowshoe hares  commonly move among 
d i f f e r e n t  cove r  t y p e s  t o  secure l i f e  r e q u i s i t e s  ( i . e . ,  f o o d  and c o v e r ) .  I n  
o r d e r  t o  a c c u r a t e l y  assess t h e  t r u e  p o t e n t i a l  o f  t h e  t o t a l  h a b i t a t ,  t h e  c o n t r i -  
b u t i o n  o f  t h e  v a r i o u s  c o v e r  t y p e s  must be determined.  The f o l l o w i n g  procedure  
i s recommended : 
1. S t r a t i f y  t h e  e v a l u a t i o n  area i n t o  c h a r a c t e r i s t i c  cover  t y p e s .  The 
c o v e r  t y p e s  shou ld  be d e f i n e d  t o  d e l i n e a t e  areas t h a t  d i f f e r  s i g n i f -  
i c a n t l y  w i t h  r e s p e c t  t o  S I V l  o r  SIV2 and SIV3. 
2. Determine t h e  HSI v a l u e s  f o r  each c h a r a c t e r i s t i c  cove r  t y p e .  
3 .  C a l c u l a t e  t h e  o v e r a l l  HSI u s i n g  t h e  f o l l o w i n g  equa t ion :  
n 
Z ( H S I i )  x ( A i )  
' HSIo = i=1 
n  
where HSIo = t h e  o v e r a l l  HSI v a l u e  f o r  t h e  s t u d y  a r e a .  
H S I i  = t h e  HSI f o r  c o v e r  t y p e  "i". 
A i  = t h e  a r e a  o f  c o v e r  t y p e  "i". 
Summary o f  model v a r i a b l e s .  The r e l a t i o n s h i p  between h a b i t a t  v a r i a b l e s ,  
l i f e  r e q u i s i t e s ,  c o v e r  t y p e s ,  and t h e  HSI v a l u e  a r e  summarized i n  F i g u r e  4 .  
F i g u r e  5 p r o v i d e s  v a r i a b l e  d e f i n i t i o n s  and suggested  measurement t e c h n i q u e s  
(Hays e t  a1 . 1981). 
H a b i t a t  v a r i a b l e  L i f e  r e q u i s i t e  Cover t y p e s  
Biomass o f  a v a i l a b l e  browse 1 
Average v i s u a l  o b s t r u c t i o n  
measurement o f  l i v e  
f o r a g e  c l a s s  v e g e t a t i o n  
Average v i s u a l  o b s t r u c t i o n  EF,DF,ETS,DTS, 
measurement o f  a l l  l i v i n g  Cover ES,DS,ESS,DSS, 
and dead v e g e t a t i o n  EFW,DFW,ESW,DSW 
F i g u r e  4 .  R e l a t i o n s h i p s  o f  h a b i t a t  v a r i a b l e s ,  l i f e  r e q u i s i t e s ,  and 
c o v e r  t y p e s  t o  t h e  HSI f o r  snowshoe h a r e  w i n t e r  h a b i t a t .  
V a r i a b l e  ( d e f i n i t i o n )  
Biomass o f  a v a i l a b l e  
browse [ t h e  q u a n t i t y  o f  
l i v e ,  p a l a t a b l e  woody 
stems and branches 5 1.5 cm 
(0.6 inches)  i n  d iamete r  
and between ground l e v e l  and 
60 cm (23.6 inches)  above t h e  
average snow depth] .  
Average v i s u a l  o b s t r u c t i o n  
measurement o f  l i v e  fo rage  
c l a s s  v e g e t a t i o n  [ t o  a 
h e i g h t  o f  3 m (9 .8  ft) 
above t h e  ground]. 
Average v i s u a l  o b s t r u c t i o n  
measurement o f  a l l  l i v i n g  
and dead v e g e t a t i o n  [ t o  a 
h e i g h t  o f  3 m (9.8 f t)  
above t h e  ground]. 
Cover t ypes  Suggested techn ique 
EF,DF,ETS,DTS, Quadrat ,  c l ip-and-weigh 
ES,DS,ESS,DSS, ( K e i t h  e t  a1 . 1984) 
EFW,DFW, ESW,DSW 
EF,DF,ETS,DTS, P r o f  i 1 e board 
ES,DS,ESS,DSS 
EFW,DFw,ESW,DSW 
EF,DF,ETS,DTS, P r o f i l e  board 
ES,DS,ESS,DSS, 
EFW,DFW,ESW,DSW 
F i g u r e  5. D e f i n i t i o n s  o f  v a r i a b l e s  and suggested measurement techn iques.  
Model assumptions. T h i s  model was developed w i t h  i n f o r m a t i o n  ob ta ined  
f rom t h e  p u b l i c a t i o n s  o f  and communications w i t h  p r o f e s s i o n a l  b i o l o g i s t s  
f a m i l i a r  w i t h  t h e  spec ies  and i t s  h a b i t a t  requ i rements .  It a t tempts  t o  iden- 
t i f y  those  p h y s i c a l  parameters assumed most i m p o r t a n t  i n  e x p l a i n i n g  h a b i t a t  
p o t e n t i a l ,  and then  a t tempts  t o  combine those parameters i n t o  s imple  a l g o r i t h m s  
t h a t  y i e l d  an index v a l u e  between 0.0 and 1.0. Ma jo r  assumptions i n c l u d e :  
1.. An assessment o f  w i n t e r  h a b i t a t  q u a l i t y  w i l l  g i v e  a reasonable i n d i c a t i o n  
o f  year- round h a b i t a t  s u i t a b i l i t y ,  assuming t h a t  w i n t e r  i s  t h e  most 
c r i t i c a l  season f o r  snowshoe hare s u r v i v a l .  
2. T h i s  model eva lua tes  t h e  long- term average s u i t a b i l i t y  o f  h a b i t a t  and 
does n o t  a t tempt  t o  p r e d i c t  o r  e x p l a i n  t h e  c y c l i c  behav io r  o f  some snow- 
shoe hare  p o p u l a t i o n s .  
3. I f  browse cannot  be c l i p p e d  and weighed (i .e.,  S I V l ) ,  an o c u l a r  es t ima te  
o f  f o o d  biomass ( i . e . ,  SIV2) i s  a reasonable  method o f  i n d e x i n g  food  
s u i t a b i l i t y .  
M o d i f i c a t i o n s  o f t h e  model can be made i f  t h e  user  b e l i e v e s  t h a t  such mod i f i ca -  
t i o n s  w i l l  b e t t e r  approximate c o n d i t i o n s  i n  t h e  in tended  area o f  a p p l i c a t i o n .  
Users should  be aware t h a t  t h e  assumptions i n h e r e n t  t o  m o d i f i e d  models can be 
d i f f e r e n t  than  those  1 i s t e d  above. 
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DEPARTMENT OF THE INTERIOR 
U.S. FISH AND WILDLIFE SERVICE 
As the Nation's principal conservation agency, the Department of the Interior has respon- 
sibility for most of our nationally owned public lands and natural resources. This includes 
fostering the wisest use of our land and ,water resources, protecting our fish and wildlife, 
preserving theenvironmental and cultural values of our national parks and historical places, 
and providing for the enjoyment of life through outdoor recreation. The Department as- 
sesses our energy and mineral resources and works to assure that their development is in 
the best interests of all our people. The Department also has a major responsibility for 
American Indian reservation communities and for people who live in island territories under 
U.S. administration. 
